ABSTRACT
INTRODUCTION
The advent and successful outcomes of endoscopic sinus surgery have prompted surgeons to expand their horizons beyond the confines of the sinonasal compartment, toward the anterior skull base and orbit. Instruments and techniques, which were initially designed for inflammatory sinonasal pathologies, are today being increasingly applied to oncosurgery.
Endoscopic resection of sinonasal malignancy offers several advantages over the open approaches, including unparalled visualization that allows precise tumor removal. It also allows for preservation of uninvolved structures, avoidance of facial incisions and superior cosmesis. 1 In addition, there are practical advantages of an endonasal approach, such as the avoidance of an adverse functional impact on the nasal airflow, seen following the midfacial degloving or the lateral rhinotomy and medial maxillectomy approaches. 2 This all in addition to the shorter hospital stay, lesser incidence of postoperative complications, faster rehabilitation into a normal lifestyle, etc.
Nevertheless, there are many issues that need to be addressed. The inability of en bloc removal, cutting through tumor while piecemeal removal, width of margins, the appropriate adjuvant therapy to be employed, management of the orbit and the problem of recurrence. These issues have been discussed with respect to cases managed, and evidence-based techniques employed in an attempt to successfully overcome them.
MATERIALS AND METHODS
Over the past 6 years, 61 cases of sinonasal tumours have been managed (Table 1) , including cases of hemangioma, angioma, juvenile angiofibroma, inverted papilloma, ossifying fibroma, neuroendocrine tumor, squamous cell carcinoma and sinonasal undifferentiated carcinoma. All patients underwent a standardized protocol for preoperative evaluation including a CT scan, diagnostic nasal endoscopic biopsy except in cases of angiomas, hemangiomas and juvenile angiofibromas. MRI scans were performed in all cases with suspected or CT scan-evident involvement of the orbit or skull base. Patients with vascular tumors underwent a digital subtraction angiography with embolization of the feeding vessel with polyvinyl alcohol particles, (and recently embosphere particles) 24 to 72 hours prior to surgery. All patients underwent an endonasal endoscopic excision of the tumor. In some cases, adjunctive exposure was achieved via a sublabial-transmaxillary approach (neuroendocrine with poorly differentiated AIJOC squamous cell carcinoma), transcranial approach (squamous cell carcinoma) or a transoral approach (juvenile angiofibroma). In all cases, complete excision was possible. Depending on the histopathological diagnosis, and immunohistochemistry (when applicable), the patients were subjected to radiotherapy, and/or chemotherapy when required. All patients underwent endoscopic evaluation for 1 to 3 weeks postoperatively for removal of crusts. The first follow-up endoscopic evaluation was at 3 weeks after surgery, repeated every 3 months, with radiological evaluation at 6 months in cases of benign, and 3 months in cases of malignant tumors. Patients undergoing radiation therapy were scanned 6 months after completion of the course. There was two cases of a cerebrospinal fluid leak, two cases of recurrence in juvenile angiofibromas, two cases of recurrence in squamous cell carcinoma, two cases of recurrent neuroendocrine carcinomas, one case of inverting papilloma and one case of sinonasal undifferentiated carcinoma. Three of the squamous cell carcinomas were recurrent at presentation, and were only subjected to palliative treatment (debulking and radiotherapy). The followup period ranged from 17 to 49 months, and some patients are still on a follow-up. Certain cases required special attention and diversion from the above protocol, since they posed a challenge as regards diagnosis, treatment and postoperative adjunctive therapy, and have been discussed below. In these latter situations, consultation with oncosurgeons, ophthalmologists, neurosurgeons, radiation and medical oncologists and radiologists were undertaken. Similar or likewise situations mentioned in literature were also referred, so as to arrive at a customized management protocol for such difficult situations. 
DISCUSSION

Challenges
With the switch-over from external to endoscopic approaches in the past two decades, numerous centers (including ours) encountered certain obstacles. These were initially more technical, but later dealt with tumor philosophy, tumor behavior and preservation of oncological principles. Once the necessary skill and expertize was present, wherein the clinician could confidentally handle such tumors endoscopically, numerous questions arose, as regard the safety profile of these procedures, with special reference to adherence to oncological principles. This led to further studies to evaluate these techniques and solutions were then put forward. A review of the constantly upgraded world literature on these techniques with correlation with our experience has been discussed.
Infratemporal Fossa Involvement
Even with the best angulated endoscopes, the visualization, and more so the access to the infratemporal fossa can be a daunting task for the endoscopic sinus surgeon. Commonly tumors like juvenile angiofibromas, have a tendency to grow into this space from the sphenopalatine foramen, via the pterygopalatine fossa. Endoscopic removal of the posterolateral wall of the maxillary sinus aids in releasing the bottlenecking of this tumor at the pterygopalatine fossa. Instruments and the endoscope can easily maneuver in the infratemporal fossa till a sagittal plane about 10 mm lateral to the lateral-most part of the maxillary sinus. For larger extensions, we were able to use a 'two-surgeon-four-hand technique' wherein the assisting surgeon gives traction to the otherwise completely dissected tumor from the opposite nostril via the choana with one hand, and the nasopharynx via the oral cavity with the other hand, both with angled Blakesley forceps. This has been likened to the removal of a retrosternal goiter from the upper mediastinum via a neck incision. The lateral limit of dissection is evident when one can see the infratemporal fossa fat protrude in the endoscopic surgical field. In benign tumors, such as juvenile nasopharyngeal angiofibromas, which usually grow out from the pterygopalatine fossa to the infratemporal fossa, it is important to completely expose the lateral-most extent of the tumor prior to attempting removal. It may be prudent here to excise the medial wall of the maxilla, along with the inferior turbinate, so as to allow direct visualization of the tumor (Figs 1 and 2) .
In fact, even with large tumors, this exposure offers excellent visualization, even with a zero degree sinuscope! Also, the moment the lateral-most extent of the tumor is reached, we have almost always come across a large vessel running vertically upward, just medial to the fat. This has been such a constant feature in our series of 31 angiofibromas, that we have actually used it as a benchmark to ensure complete lateral dissection of the tumor (Fig. 3 ).
In the case of a recurrent neuroendocrine tumor extending via the maxilla to the infratemporal fossa, along with erosion of the anterior and posterolateral maxillary wall, a combined endoscopic with sublabial-transmaxillary approach was used to access and remove the tumor (Fig. 4) . Contrary to what could be seen on CT scan, the periosteum over the posterolateral wall of the maxilla was intact, but had been pushed into the infratemporal fossa by the tumor, and the tumor could thus be peeled off this periosteum (Fig. 5) .
Orbital Conservation
Involvement of the orbit, especially in cases of malignancy can be a tricky affair. Usually in order to obtain oncologically safe margins, one would have to perform an orbital exenteration as the 'lateral resection margin'. Nevertheless, many authors have advocated a conservative approach, which includes conservative surgery, radiotherapy and regional chemotherapy as an effective method for local control and preservation of ocular function. 3 Others have demonstrated a thin distinct fascial layer, which surrounds the periocular fat and separates it from the periorbita. 4 Traditional literature proposed orbital exenteration for periorbita involvement, but studies, such as these 4 have shown that the periosteum may be stripped off the underlying fat in an attempt to conserve the orbit. This is in accordance with the concept that tumor removal in the sinonasal space and its periphery should be carried out for 'one compartment' beyond the tumor. By 'compartment' we would mean different things for different sites. For example, if the lamina papyracea is breached by a malignant tumor, it is removed along with the next compartment, namely the orbital periosteum. If the latter were to be involved, then the periosteum should be stripped off, leaving the fascial layer (vide supra) intact, and so on.. in case of the ethmoids, if the anterior ethmoids were involved, then the posterior ethmoids and ground lamella would be removed behind, the middle turbinate medially, and the lamina papyracea laterally. Following this compartmentalized restriction of tumor margins, it was possible to salvage viable tissue, with removal of all macroscopically visible tumor, and confirming the remaining margins with frozen section. In fact, sometimes, we would have as many as 20 frozen section samples for a single case (Figs 6 to 8 ).
Piecemeal vs en bloc Resection
Rarely can a tumor be removed en bloc from the sinonasal space, by any approach, unless it is quite small. This inability, however, does not seem to have any impact on prognosis. 5 In fact, the above authors have compared this with the transoral CO 2 supraglottic laryngectomy in which cutting through the tumor also seems to have no impact on survival. In our experience, this holds true, and in this respect, sinonasal tumors have a different management protocol as compared to malignancies of the tongue, larynx, etc. where en bloc removal is the rule. A similar technique of piecemeal removal has been followed for Moh's micrographically controlled surgery for a long time.
However, a frozen section control of the margins is imperative, as discussed later.
Batra and Citardi 1 have described a minimally invasive endoscopic resection (MIER) technique as an alternative to traditional craniofacial resection, in which they have described two seemingly divergent surgical strategies. The first is the outside-in approach, in which the surgeon chooses to outflank the tumor by dissecting around the tumor, typically in a subperiosteal plane. We have used this technique more for juvenile angiofibromas and other benign tumors, since most malignant tumors are extremely friable. The other alternative is the inside-out approach, in which the core of large bulky malignant tumors is removed first, and the peripheral margins of the tumor are collapsed inward for removal. The other advantage of collapsing the periphery of malignant tumors inward was to allow for control of the blood vessels which commonly have been seen to supply the tumor from its periphery. In most instances, both strategies are used selectively in the same case. Our experience in cases of malignancies has been to commonly use a combination of both approaches for different components of the tumor (Figs 9 to 11) .
Surprisingly, in the case of benign tumors such as juvenile angiofibromas, we have seen that a piecemeal removal allows for a higher chance of recurrence as compared to an en bloc removal. Thus, we strictly follow figure 6 , the orbit looks invaded The above 1-year postoperative endoscopic image shows a recurrence in the region of the right pterygopalatine fossa (white arrow) extending to the nasopharynx (green arrow) in case of a juvenile angiofibroma which broke during removal and had to be removed in a piecemeal fashion the outside-in approach for juvenile angiofibromas (Fig. 12) . One exception was a case of a large nasopharyngeal angiofibroma, which was extending intracranially, with compression of the optic nerve and in contact with the dura. Once the sinonasal part of the tumor had been exposed and freed from its attachments, it remains attached to the intracranial extradural part. Dissection between the dura and the tumor would have to be carried out gently, with the risk of damaging the dura. We thus, divided the tumor at its exit from the sphenoid sinus after cauterizing with a bipolar forceps, and then gently dissected off the remaining component. This allowed for minimal traction on the dura due to the lesser weight of the sphenoidal component, as compared to the entire tumor (Figs 13 to 17) . (Fig. 16 ) being gently peeled off the underlying optic nerve (black arrow) and dura above with minimal traction, due to its 'weight reduction' after dividing it initially
Wide Margins
Unlike other head and neck malignancies, where removal of the tumor with margins ranging from 1 to 5 cm is the rule, in the sinonasal compartment this is most of the times not possible. Similar to the orbit discussed above, the dura too can be respectively salvaged or resected. Many malignant tumors are extradural, and a resection of the dura can be done in consultation with the neurosurgeons. Reconstruction is usually in two layers, with one placed transcranially (pericranial flap or fascia lata 'carpet graft') and the other transnasally endoscopically (fascia lata). In tumors reaching just short of the dura, resection may be carried out till dura is reached. A frozen section control of margins is however essential. This is more so since tumors are removed piecemeal.
Palliation vs Cure
The surgical objectives of complete tumor removal must be balanced with the goal of minimizing adverse impact on the 'quality of life' of patients (Batra et al 2010) . 7 Many patients suffering from malignant tumors are incurable right from the time of presentation. In considering palliative treatment, it is necessary to record the patient's symptoms, and appreciate how they impact on their life, the extent of their disease, and whether distant metastasis is present (McMonagle and Gleeson 2008) . It is imperative here to take the patient and their relatives into confidence, and explain the expected outcome of the treatment. They may then be subjected to a palliative debulking, with postoperative radiotherapy. Often, repeated debulking may be performed at varying time intervals.
Preoperative vs Postoperative Radiotherapy
In radiobiological terms, preoperative radiotherapy has traditionally been advocated; with modern techniques, this seldom interferes with healing (McMonagle and Gleeson 
The Role of Chemotherapy
A majority of sinonasal tumors belong to the squamous cell and adenocarcinoma variety, for which chemotherapy has little to offer. Chemotherapy is helpful in managing olfactory neuroblastoma, lymphoma, rhabdomyosarcoma and sinonasal undifferentiated carcinoma (McMonagle and Gleeson 2008). Kengt et al 9 have advocated repeated necrotomy and application of topical 5-fluorouracil for adenocarcinoma of the ethmoids, and this is being practiced by some centers.
RESULTS
In this series, among the benign tumors, there were two recurrences, both in juvenile angiofibromas. Among the malignant tumors, there were two cases of recurrence in squamous cell carcinoma, two cases of recurrent neuroendocrine carcinomas, one case of inverting papilloma and one case of sinonasal undifferentiated carcinoma. The case of neuroendocrine carcinoma with coexisting poorly differentiated carcinoma has only been on a 7 months follow-up, and will require a longer period of time to depict Once the bulk of the tumor has been removed, numerous biopsies are sent from various sites, and the same are mapped. Thus, for example, following removal of an ethmoid tumor, biopsies may be sent from the skull base (or dura) from numerous sites starting anteriorly, and moving posteriorly at every few millimeters intervals, with the same being mapped by an assistant diagrammatically, and numbered appropriately. All the samples are sent in separate bottles for frozen section processing. If any biopsy turns positive, then those sites (and possibly the neighboring sites) are resected further till negative margins are achieved.
The same procedure may be done for the orbit (or periorbita), the nasal septum, etc. This mapping also facilitates adjuvant postoperative therapy planning. Functional cavity concerns should be of secondary importance, and there should be no hesitation in removing all macroscopically involved tissue, be it dura, periorbita etc. (Harvey et al 2011) . 6 This holds true for malignant tumors; for benign tumors, such as inverted papillomas, preserving anatomic barriers to spread is of paramount importance (Figs 18 and 19) . (Fig. 18) 
